Abstract. The increased acceptance and use of computerized GIS and digital data sets in private and public organizations in the United States has been in recent years further encouraged by the Federal initiatives which promote sharing of geographic data. In spite of the obvious benefits in terms of efficiency and effectiveness to be derived from sharing geographic information both within and between organizations, the idea continues to be resisted, leading to inefficiencies from duplication of data collection and storage. Using case-study methodology, we examine in this research the mechanisms and behavioral factors that can facilitate or inhibit the willingness of organizations to share GIS and databases. Five cases, including organizations with varied levels of joint GIS and database activities, were studied to determine the characteristics underlying successful interorganizational GIS. Our findings offer a number of suggestions for organizations seeking to derive maximum benefits from the interorganizational GIS activities.
Introduction
In recent years, there has been a steady rise in the acceptance and use of GIS by a variety of organizations in accomplishing their tasks. From a technical perspective, data in electronic form are now far easier to exchange. GIS technology enables data integration across organizations (Campbell and Masser, 1991) and information sharing can stimulate interorganizational alliances (Kumar and van Dissel, 1996) . However, the rapid increase in organizations adopting GIS technology has highlighted the fact that, between and within organizations, there has been a general inability and often unwillingness to share data and information across boundaries, with concomitantly low levels of coordination (Warnecke et al, 1998) . The waste caused by duplication of effort, largely because of lack of information exchange among local, state, and federal government and private-sector organizations, remains a significant impediment to the more effective and efficient use of GIS throughout society, and hinders the development and utilization of the full potential of the technology (Frank, 1992) .
In the United States, the Federal National Spatial Data Infrastructure (NSDI) initiative calls for development of an`information highway' to connect the variety of spatial data producers and users, including government, private-sector, and academic institutions [see the Federal Geographic Data Committee (FGDC) web site (1) ]. The infrastructure would allow for unlimited sharing of spatial data and thus prevent duplication of effort and redundancy in developing geographic databases. The expected benefits from sharing, however, go beyond efficiency. Coordinated systems and databases promise to stimulate interorganizational cooperation and collaboration and result in the provision of a better information base for management and strategic decisionmaking. By mid-1990s, and still to date, unfortunately, GIS data sharing
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Zorica Nedovic¨-BudicD epartment of Urban and Regional Planning, University of Illinois, Urbana-Champaign, 111 Temple Hoyne Buell Hall, 611 East Lorado Taft Drive, Champaign, IL 61820, USA; e-mail: budic@uiuc.edu among organizations occurs far too infrequently to create the kinds of benefits expected by the NSDI (Onsrud and Rushton, 1995; Warnecke et al, 1998) . The NSDI goals for now amount to a grand vision. Their implementation still lies ahead, with coordination among different spatial data producers and users representing perhaps the most challenging task.
Despite the numerous difficulties, however, sharing of geographic data is practiced among a number of agencies and institutions, amounting to an ad hoc NSDI (FGDC, 1994; NRC, 1993) . (2) FGDC initiatives and granting activities have contributed significantly to advancement of the NSDI. These activities include (a) standardization of geographic data formats and contents; (b) metadata creation and standardization; (c) development of clearinghouse nodes; and (d) surveying the needs for and availability of the common basic data sets that cut across local, regional, state, and federal geographies (so-called`framework' data) (Frank et al, 1996; Somers, 1999) . (3) Most recently, FGDC has encouraged a process for exploring the possible institutionalization of the NSDI (FGDC, 1999) .
While the experience in coordinated GIS data-sharing activities has been accumulating, there has not been a systematic evaluation of mechanisms and factors that facilitate or obstruct sharing of spatial data among organizations. Few documented examples, and the lack of a reliable body of research on the nature, mechanisms, characteristics, and costs and benefits of spatial data sharing necessitate additional research in GIS and the examination and application of models from other fields (Kevany, 1995) . Research initiative I9 on Sharing Institutions Sharing Geographic Information sponsored by the National Center for Geographic Information and Analysis (NCGIA) (4) was the first substantial step in addressing the question of GIS and data sharing. It turned the attention to the need for increased sharing of geographic data sets as a way toward gaining better cooperation among GIS user-agencies and organizations. Such efforts will also serve to advance the acceptance and usage of GIS within organizations that have not, to date, adopted this technology in their operations.
In the research presented here we examine some of the questions raised in the I9 NCGIA initiative. In a book chapter resulting from this initiative, Calkins and Weatherbe (1995, page 66) define data sharing as the``transfer of spatial data/information between two or more organizational units where there is independence between the holder of the data and the prospective user''. Information sharing also happens among organizations that are not necessarily independent. For example, organizations get involved in joint data acquisition and database development for a common function or a project, or are engaged in building, maintaining, and using an interorganizational system. Interorganizational systems are defined as``networked information systems used by two or more separate organizations to perform a joint business function'' (Cash et al, 1994, page 339) . Those systems``can be considered as planned and managed cooperative ventures between otherwise independent agents'' (Kumar and van Dissel, 1996, page 280) .
By definition, interorganizational GIS is a type of multiparticipant setup which is achieved through coordination between various organizations of the same or different type (for example, private and/or public) and level (for example, local, regional, state, national) . Multiparticipant systems of a more limited scope are intraorganizational setups based on coordination among multiple units of the same organization. Geographic information-sharing problems are detected in both situations. The obstacles to sharing are primarily behavioral (Brown et al, 1998; Croswell, 1991; Evans and Ferreira, (2) Onsrud and Rushton, 1995; Sperling, 1995) because technological implementation and database sharing are dominated by organizational dynamics (Azad and Wiggins, 1995) . They often happen in complex and only partially understood organizational environments and circumstances (Onsrud and Rushton, 1995) . Therefore, to institutionalize the new or existing interdependencies with a set of protocols, tasks, and decision mechanisms, intensive coordination among participant agencies is needed (Thompson, 1967) . Coordination assumes that the relationship offers benefits to all parties involved (Cook, 1977) .
A multiple case study was conducted to assess the significance of a selected group of organizational and behavioral antecedents and processes that are crucial for sharing and development of GIS and databases by various producer and user organizations. The study builds on the literature reviewed from a number of sources, including organizational theory, intergroup dynamics, exchange theory, political economy, and research on GIS implementation and diffusion (Azad and Wiggins, 1995; Nedovic¨-Budic¨and Pinto, 1999) . The new knowledge and insight into sharing mechanisms and associated factors offer valuable information for turning the ad hoc infrastructure into a true NSDI. The research addresses the following questions.
(1) What structures, processes, and policies are used in interorganizational relationships developed to facilitate building and sharing spatial databases? (2) Which contextual factors affect those geographic information relationships? (3) How effective are different mechanisms in accomplishing database development and sharing?
Research method Given the lack of coherent theoretical foundation and empirical understanding about multiparticipant GIS, an exploratory case study was considered as the first step in pursuing the research questions listed above. First, the researchers identified sites in which GIS or database sharing was either ongoing or in development. Through searching the Proceedings of the Urban and Regional Information Systems Association (URISA), reviewing the GIS trade magazines (for example GIS World and GeoInfo Systems), and soliciting examples through`GIS' listserv, we obtained a list of local, regional, and state sharing initiatives around the United States. Screening telephone calls were conducted with key contact individuals at each potential site. Based on the description of their systems and data-sharing activities, we either eliminated certain sites or solicited additional contacts. Through this telephone`snow-balling' technique, we were able to collect, prior to our site visits, some important information, including: (a) a brief history and current status of the local GIS and database sharing; (b) the organizations engaged in the joint activities; and (c) the key informants at each organization who were sufficiently involved in the process to offer useful information and insights. The research focused on localöcity and county-levelöactivities, and on most complex situations where the participant involvement went beyond data acquisition and database development to fully coordinated system development and networked data exchange. Although these cases represented more difficult situations to study, they yielded a richer and more informative research material.
Using the case-study methodology, the principal investigators interviewed a total of forty key informants from five city and/or county governments and other associated organizations that had launched geographic system and data-base-sharing efforts within the past ten years. The projects included a wide range of outcomes of interorganizational data sharingöseveral that were well established and functioning smoothly and others that were still embryonic, in which the goals had not yet been realized. In the screening, the researchers adopted a balanced search plan in which they did not focus exclusively on one geographical region. The cases were dispersed around the United States to prevent regional bias. Face-to-face interviews were conducted to determine the motivations for the GIS and database-sharing activities, organizational structures and policies employed, relationships developed, and the key events in the joint GIS history.
To elicit responses systematically and to understand better the situation, an interview protocol was used.
The protocol included open-ended questions on: (1) history and reasons for the joint GIS activities; (2) participants; (3) structure, that is organizational forms, information flow, joint oversight, and management; (4) extent of the relationship in terms of hardware, software, data, facilities, personnel, services, and applications; (5) formalization of the relationship by contracts and agreements; (6) rules, procedures, and policies for database sharing with regard to standards, development, maintenance, ownership, and use; (7) financing and incentives; (8) assessment of the outcomes; and (9) general organizational and interorganizational background.
The interviews were taped and later transcribed to allow the researchers to check findings from the multiple interviews conducted at each site. Although voluminous, the transcripts helped verify and, in some cases, correct the interviewers' understanding of the local activities, including history, key players and events, and political context. Finally, most of the sites visited provided us with additional documentation in the form of meeting minutes, technical reports on system capabilities, budgets, and organizational charts, to help clarify the nature of the GIS and database-sharing efforts.
Results
The case studies indicate that the interorganizational and organizational context, the structuring of the GIS-related interaction, and the coordination and implementation process, are all relevant for understanding the reasons, practice, and outcomes of multiparticipant GIS and database activities. Figure 1 enlists the important aspects of the context, structure, process, and outcomes, and presents their relationship in an attempt to build a coherent conceptual framework. In this section we provide a summary description of the cases included in the research and discuss the main findings on coordinating their GIS and database activities.
Case description: summary
The five cases studied were spatially dispersed across the USA. One case was analyzed from each region: northwest, southwest, midwest, southeast, and northeast (from here on referred to as case A, B, C, D, and E, respectively). The organizations involved county and municipal agencies as the primary participants. A variety of other private and public organizations at local, regional, state, and federal level also participated in the partnerships studied. The partnerships were situated in large metropolitan areas with population ranging from about 300 000 to over one million in three cases, and with an intensive growth experienced within the past two decades. The number of participants ranged from about a dozen to over two hundred with varying degrees of involvementö from initiators and primary members to subscribers and occasional data consumers or contributors. The primary group generally consisted of not more than three members. In two cases a county was the main project leader. In four out of five cases the attempt to involve utility companies was not successful.
The major impetus for the joint activities was the expected saving of organizational resources. This was particularly important to two early GIS usersö from the 1980s ö when the technology was still immature and large database developments were prohibitively expensive. High level of growth, mandated planning process, and modernization of tax records were additional factors that prompted the coordination efforts.
Two of the five joint GIS and database projects were started in the mid-1980s; the other three started in the early 1990s. The maturation of technology was reflected in the database design and access solutions. In all five cases the organizations worked with consultants to assess the needs and implement the technology as a joint venture. Basemap development was the main initial focus, and in several cases a temporary base map was created or acquired to meet the ongoing needs of the participating agencies. In three cases the database developments resulted in over 200 layers of data.
This research uncovered at least six distinct forms of geographic information relationships, including: data purchase; data exchange; project-driven joint data efforts; joint data acquisition; joint database development and/or maintenance; and joint system development. The relationships are listed in the order of increasing complexity, and also increasing difficulty in establishing them. The extent of the relationship in four out of five partnerships studied went beyond the database to include joint system features, personnel (often in the role of coordinators and technical support), space, or applications. Even in the case that was more database oriented, there were a lot of interorganizational and intraorganizational interactions with regard to applications, Information sharing in a GIS environmentjoint protocols, contributions, and access. Shared or jointly supported application developments were the most challenging. They often resulted in detrimental interorganizational dynamics and stalling of joint GIS-related efforts. In all five cases the relationships among the participating organizations were supported with formal documentation: intergovernmental agreements, memoranda of understanding, and data licenses. These documents enabled a continued data exchange even in cases that discontinued the other forms of interaction. All except one case had a designated project coordinator, and in three cases a quite elaborate structure of committees and user groups was functional. The funding was commonly secured through contribution from the main members, but also from various project funds that provided for partial database or application development. Budgets were usually approved on an annual basis and used for common database and system components. Individual agency equipment and staffing was generally paid from the budgets of the participant agencies themselves. In several cases, the budget approval was tied to one fiscal year and the pressure to show immediate results and impact imposed an inadequate time horizon for strategic planning and phased development.
Most of the responsibilities and benefits were proportionally shared among the contributors, although there were perceived inequalities, and fairness issues were often raised among the organizations involved. An apparent trend among the agencies studied was to delegate database maintenance responsibilities close to the source of data, but often without financial or other in-kind support and infrastructure (for example, staff) and sometimes without the authority to enforce timely updates and deliveries. The necessary database format, quality standards, and maintenance procedures were elaborated in most cases, although not always adhered to and, in one case, abandoned. Open access to the database was secured for the main participating organizations. The access for other data users was provided free or for a charge ö nominal or revenue generating. The early GIS database projects which started in the 1980s had higher expectations for financial gains derived from the database assets. They limited the access to the database in order to generate revenues from data licensing and subscription fees. These revenues, however, sporadically came to realization and made the organizations rethink their access policy.
The coordination of GIS activities clearly depended on the spirit of cooperation, persistence, and continued willingness to negotiate different positions. The ways in which geographic information was developed and distributed across the organizations studied were often at odds with the traditional government computing culture and thus faced rejection and sometimes conflict with the`centralized mainframe mentality'.
The outcomes of the coordination projects studied cannot be easily qualified with à success^failure' dichotomy. Rather it seems that all relationships evolved over time and had their challenges and victories. Even the acclaimed`successful' projects were at some points of time on the verge of being discontinued and depended more on a fortunate constellation of circumstances than on rational action. On the other hand, in the case of one admitted failure, where the sharing effort was formally disbanded after four years of attempting for joint solutions, an unofficial information-sharing group, composed of a subset of members from the original project, continued to meet periodically and agreed informally to make their data available to others as requested. Taking paths and forms often different from the planned or expected ones, the ultimate outcomes were the databases that benefited a large number of users. A common base map was the most valued product. The benefits were demonstrated through sample applications.
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Z Nedovic¨-Budic¨, J K Pinto Significant issues Table 1 summarizes the issues that were identified as significantly affecting the interorganizational efforts to develop jointly a GIS and to share or exchange geographic information. The issues are grouped into two categories: those unique to the coordination process, and those relevant to the GIS implementation process. Coordination issues were fundamental for the GIS and database sharing activities. Our research indicates that the nature of the coordination process was in fact the key to establishing an atmosphere of trust and mutual collaboration and for the overall success of each multiparticipant project. Even in the system and data-sharing initiatives that have been relatively effective, the difficulties were caused primarily by the unwillingness or inability of the parties involved to satisfy adequately members' concerns regarding responsibilities, equity, and fairness. The participants' attitudes were decisive in determining the level of success in joint GIS and database activities. Among the five cases studied, projects A and E were advanced more smoothly, to a great degree owing to positive coordination attitude and management efforts. In those two cases, however, there was a single major project leaderöthe county government. The other three cases had a shared leadership between county and city jurisdictions, and, although only in case C the achievement of joint objectives was considerably delayed, addressing the coordination issues was much more difficult in all three. Although the coordination issues were pertinent and unique in situations where multiple organizations and agencies were involved, the general implementation issues applicable across and within each organization and agency also exerted substantial influence on the outcomes of interorganizational GIS activities. Along with the common protocols being devised and agreed to, a number of important implementation issues had to be addressed. It was clear that overall success depended upon each organization's implementation capacity and management (Brown and Brudney, 1993; Brown et al, 1998) . Table 1 . Coordination and implementation determinants of geographic information relationships. Consistent with the findings of other GIS implementation studies, the pertinent issues included: top management support; secured continuous project funding; well-defined project scope; management of expectations; timing of specific activities and phases; demonstrable progress; and avoidance of personal and political agendas and conflicts. The pattern of impact of particular implementation issues on joint activities was comparable with the one regarding the coordination. The cases with intensive implementation control were able to achieve the objectives of the interorganizational GIS and database most effectively; the cases which addressed only some implementation issues experienced more crisis situations; and, finally, the case with least attention for the implementation process faced major challenges in GIS diffusion and use across organizations involved.
In the remainder of this paper we will discuss in more detail the crucial interorganizational coordination issues, including: contribution; control; persistence in communication and negotiation; commitment; authority and stability of leadership; data ownership; data access; database responsibility; technological change; and organizational change. Our findings are related to the relevant points in the previous research. The outcomes, costs, and benefits of the joint GIS and database activities, and the prospects for further research are presented last.
Contributions
What would each party in the interorganizational relationship be expected to contribute? It was important for all members that each agency's contribution be determined in advance. All groups naturally had concerns that their monetary or other in-kind contributions for developing the GIS and the database would be commensurate with their relative sizes, resources, and needs for the data downstream. Rarely was a single agency willing to shoulder what it felt were undue or excessive expenses in developing the database or other joint components. There were, however, a few situations when the database development was funded through ongoing agency-based projects.
Generally, there was a real desire across the cases for equity in the use of the data or other common resources. The cases confirmed the risks of`overgrazing' the data, fouling or contamination, and data poaching common to pooled IS^IT resources (Kumar and van Dissel, 1996) . Consequently, a great deal of negotiation among the various agencies had to address this issue directly. What would be each partner's expected contribution to the pooled database development and other joint activities and products? What would be the concomitant degree of returns of each party in the form of data, services, equipment, staff, or other benefits?
Control
How would the partnership ensure equal control of the GIS, database, and other joint activities and products? Every interviewed member of the interorganizational GIS initiatives expressed the desire for a fair decisionmaking process that would ensure that participants have an adequate control of the common activities and an equal partnership in the initiative. Depending on their resources, power, and role in the partnership, however, the organizations differed in their views about what fairness and equity represents. Voting rights and decision authority had to be carefully determined, often through protracted negotiations, prior to having all partners sign off on the protocol. Among the key questions that these negotiations were forced to answer were creating solutions that were perceived as equitable. Not surprisingly, large agencies favored a protocol giving them a level of power proportional to their size and contribution, whereas the smaller ones were anxious to maintain equal voting rights for all members, regardless of size.Vaguely defined or unsatisfactory control structures were the source of major rifts and problems in two of the cases studied.
Persistence in communication and negotiation
One key finding that emerged from this research was the vital need for organizational persistence to make the interorganizational arrangements succeed. Indeed it was easy and highly tempting for various organizations studied to break away or dissolve the partnership once the difficulties arose or their own needs were secured. For parties not genuinely interested in the joint venture or those that found that the commitment required would outweigh the organizational benefits, it was a matter of finding a good reason and opportunity to discontinue the interaction. The break away actually happened in two of the five cases öone before any joint activity was started, and the other after the database was developed and various joint services and applications attempted.
Persistence was most clearly manifested in the process of endless negotiations over all issues of joint concern. Consistent with Evans's (1995) finding, one of the key challenges in the negotiation process pursued by the organizations studied was the importance of maintaining a coordinated overall focus despite differing agendas and styles among the participants. Pursuance of other political and power agendas while resolving the multiparticipant GIS issues was highly detrimental in two cases. In the remaining three cases, the extraneous issues were recognized early as a threat, and either avoided or dealt with directly. Harvey (1997) suggests that identifying semantical differences and commonalities between concepts held by participants and creating a common working language are the initial steps toward successful communication and negotiation of positions, solutions, and ideas. The necessary interorganizational communication evolved at both a formal and an informal level. The research evidence supports the contention that often the`real work' of establishing coordination protocols took place in informal settings rather than in structured settings.
Finally, coalition building, bargaining, and willingness to compromise as important dynamics in effective interorganizational arrangements were all exercised in the cases studied. These strategies have long been recognized as useful when multiple parties are involved in a project (March and Simon, 1958) .
Differential commitment levels
In the cases studied, different groups engaged in interorganizational GIS and database activities with varying levels of commitment. Some entered the relationship with less than full commitment to the coordination process, some partners emerged as project champions, others experienced frustration based on their perception of inequitable resource expenditures and returns, and still others engaged in`guerilla warfare' designed to push private agendas at the expense of the overall project goals. It was true that the agencies involved in interdepartmental relationships: (a) lost some of their freedom; and (b) had to invest energy and resources to develop and maintain relationships with other organizations. This has been long acknowledged as necessary in interorganizational dynamics (Brown et al, 1998; Van de Ven, 1976) . In all cases, therefore, the success of the joint investments of various resources, including financing, time, energy, and staffing, depended heavily on the commitment to the common cause of sharing. The true commitment helped overcome many of the obstacles in the process of joint system and database planning and implementation, and also maintained the focus on the matters that were pertinent to the joint activities. The participants who were committed`for the wrong reasons' were ultimately disruptive and sabotaged the attempts to coordinate and find common solutions. Obermeyer (1995) notes that one way to enhance the commitment of each participating member to the sharing alliance is through an interorganizational agreement that requires the contribution of both money and actual ongoing effort from each partner.
The benefit of this strategy is that it also seems to work to advantage by increasing the stakes of each of the participants from the start. Indeed, in all cases studied, intergovernmental agreements and memoranda of understanding were used to formalize and affirm the participants' commitment. In one of the cases, a formal agreement developed in the early stages of the joint system and database development process was respected even when the parties abandoned further coordination. The agreement kept the channels and mechanisms for database exchange open.
In essence, the key to coordinated GIS and database activities is convincing each member organization of the important synergies that derive from a long-term commitment to the sharing arrangement, not simply for the sake of the data, but also for enhancing future collaboration at all levels between the organizations. Success therefore depends on the spirit of cooperation and commitment to sharing on the part of all members (Meredith, 1995; NGDPF, 1993) . In order for that spirit to emerge, there must be a sense of teamwork, shared understanding, trust, and mutual credibility (Citera et al, 1995) .
Authority and stability in project leadership
Authority to act and stability of project leadership structures were also important findings that emerged from the case studies. Each participating agency needed to perceive that they possessed the decentralized authority to implement their plans. As one interviewee noted:``There is nothing more frustrating than spending a huge amount of time ironing out all the details of the [sharing arrangement] only to have it shelved or shot down by high-level bureaucrats. Either we have the authority to act or we don't.'' As with any complex venture, participants needed to feel empowered to plan, make decisions, and bring them to realization. When a successful partnership was developed it was often due to the partners' ability to move ahead immediately with their plan in order to see its impact, resolve any problems, and make the transition from theoretical planning to realizing practical benefits as quickly as possible. When the main level of interorganizational activity occurred at staff or middle-management level, without direct support or involvement of higher level administrators, the ideas and plans developed in numerous meetings were hard if not impossible to transfer back to the participants' local settings, and support them with resources. Organizational power, that is the ability to exert influence and bring about desired outcomes, was directly related to progress in joint GIS activities in all cases studied. The area where the authority was the most critical was in enforcing adherence to local standards and database management commitments. This finding is supported by previous empirical research (Azad, 1998; Brown and Brudney, 1993; Brown et al, 1998; Campbell and Masser, 1991; McCann, 1983) .
Database responsibilities
Who would be responsible for developing and maintaining the geographic information? Along with the question of ownership and actual possession of the geographic information was the issue of the degree to which each partner would be responsible for sharing the costs and duties of data acquisition, data entry, and maintenance. Our findings indicate that interorganizational relationships that clearly spelled out partner responsibilities for the joint database were more likely to be harmonious and experience less rancor or political agenda setting. Several additional issues were found to be very important to the data development and maintenance process. First, it was necessary to identify and attract the most important data providers and enlist their support early in the GIS database relationship. In the local government settings where parcel is the basic spatial unit of mapping, tax assessor offices were those key data providers. The tax assessors were successfully involved in joint GIS activities only in two of the five cases analyzed. Case C was stalled until the tax assessor's office gained enough interest to pursue digital database acquisition independently and to provide access to its data, but without much consultation with other agencies. In two cases, alternative sources of parcel data or other feature map were used as base maps. Street centerlines were a robust base data to serve a variety of applications and users, including emergency services, another key local government function. The potential participants often evaluated the value of the partnership based on the involvement of these key actors.
The second issue had to do with securing additional resources to those units that were charged with maintaining the data. In all five cases those units began to incur additional workloads, expenses, and responsibilities as a consequence of their involvement in the partnership. When these units perceived inequities in data maintenance commitments, they were prone to downgrade their own support of the system. In the absence of staffing, funding, equipment, and training provisions, the agencies assigned database maintenance responsibilities were likely to fall behind in timing and quality of database update. They also tended to depart from prescribed standards and procedures as another consequence of the inadequate support for database maintenance duties.
Addressing the assignment and support for database responsibilities is a crucial component of interorganizational GIS activities. The fact that the cost of updating data will ultimately dominate other GIS costs requires the designers of the joint systems to concentrate on the database aspect from the very beginning (Frank, 1992) . In the cases studied, the database update was generally well placed in the organizations with compatible functions. Although the database responsibilities were generally matched with existing organizational missions, the procedural and substantive support for the task were rarely secured.
Data ownership
Who would`possess' the data? An important up-front decision point had to do with determining at what site the data would physically exist. Although most of the key participants were comfortable with the concept of`sharing' data, they tended to be more uncertain about the actual location of the information. For several participants across the examples studied, there was a perception that ownership constituted dominant control. Consequently, in these cases a considerable amount of time was spent ensuring the equal access to the data regardless of its location. Openness with regard to data access, minimal proprietary interest in data, and no gains expected from data distribution were all conducive to less conflict and tension regarding the ownership of data.
Another key aspect of the possession issue revolved around the location of the coordination or service unit. Because there was a strong need by all parties that this unit be perceived as neutral (that is, having no vested interest in giving one agency or organization greater access to data than others), concerns over the location of the coordinator were often voiced. The participants openly or privately questioned how the location of the coordinator would affect data ownership or relative position of each of the data-sharing partners. In three out of five cases, the difficulties experienced by the partnership members stemmed primarily from the coordinating unit being perceived as nonneutral. In two cases this perception led to deterioration of the GIS and database-related interaction. Our findings reinforce Sperling's (1995) argument that minimal problems in data ownership are key for successful sharing relationships.
Data access
How would the parties ensure that all had equal access to the data? A frequently expressed reservation, particularly from agencies that perceived themselves as`junior' partners in the data-sharing initiative, was how to ensure a sense of equity and fairness in data exchange and access. It was important for these agencies that formal safeguards be in place to ensure that jointly held geographic data were also jointly available. One of the most important lessons derived from established partnerships was the need to indicate clearly the nature of the sharing structure early in the process. Simply allowing the GIS and database interactions to evolve over time without set rules and procedures often only ensures increasingly suspicious partners. The key, as has been noted in the previous research, is establishing a stable and simple relationship structure (Brown et al, 1998) .
A related issue was raised concerning the access to proprietary data, giving one participant a competitive advantage over other partners in pursuing their organizational mission. Under these circumstances, as Calkins and Weatherbe (1995) propose, it is important to maintain the proprietary data outside the core database. Clear and open up-front specification of any possible restrictions in distribution and use of the organizational spatial data was necessary for avoiding any potential future misunderstandings and conflicts regarding the proprietary data.
Technological change
Effects of advancements in networking technology, distributed GIS, and the Internet were obvious. With the rapid increase in distributed computing environments, in all cases studied there was a departure away from centralized systems of data storage. The new configurations had an impact on spatial data processing and sharing relationships because the data were often no longer linked to a central depository, ensuring one party's effective control of data dissemination. Associated with this shift to decentralized data structures and networked environments, in all cases there were tensions between the traditional data-processing departments and staff and the participants in distributed GIS-related activities. In essence, this was the clash of two computing cultures. The early to middle 1990s was the most dynamic time in terms of the changing computing environments and their corresponding organizational implications. In two cases, which initiated their joint GIS and database activities in the 1980s, the change involved a major move from centralized mainframe equipment to workstations and PC platforms and new networking setups. In three other cases (one of which did not materialize until the second half of the 1990s) the switch was not that dramatic, because the distributed technologies were already available. The process of technological change, however, is ongoing. In one case there was a deliberate timing of the system installation process in order to capitalize on the most recent technological developments. Internet-based access to GIS databases or clearinghouses were available or planned for the near future in all but one case.
Several researchers have commented on the impact of distributed GIS. Orthner et al (1994) confirmed that the environment of information systems was changing from centralized terminal or mainframe configurations to distributed client^server architectures, with the eventual goal of arriving at a totally distributed system that is optimized for responsiveness, availability, and reliability. Frank (1992) also noted this trend, arguing that though maintenance of a central repository and the sharing of the same data among many users may be the best technical solution it had not been economically feasible in the early 1990s. Taupier (1995) pointed to the inherent trade-off involved in the use of distributed GIS, suggesting that the decision to establish a central clearinghouse for data versus decentralized repositories or a distributed network of data libraries involved balancing the ease of access and the distribution of cost.
The move to distributed GIS carries with it some important organizational implications as well. A number of writers have argued that this technological change requires an equal change in administrative and organizational philosophies. For example, whereas Azad and Wiggins (1995) declare that data sharing will be made easier by the developments in IT, administrators considering distributed GIS correctly perceive that they will encounter greater`leading edge' complexity due to rapid changes in technology (Onsrud and Rushton, 1995) . Finally, as Evans and Ferreira (1995) cogently suggest, these challenges make it vitally important that system implementation plans be flexible enough to accommodate technological changes because the organizational factors will probably be affected by a changed technological mix. Wigand (1988) has noted that new structural configurations can be expected among organizations introducing new information technologies. Indeed he notes that one result of integrated and distributed data processing is that rigid hierarchical structures are redesigned, resulting in leaner, more flexible and responsive organizations with fewer management levels and more direct information exchange between the top and bottom layers. Our case studies revealed no major organizational change prompted by the interorganizational GIS-related activities. In all but one case studied, the coordination was managed through an elaborate system of committees, which ranged in their concern from policy and strategic perspectives to detailed technical and user issues. The actual organizational restructuring, however, occurred only sporadically. Even when a restructuring was initiated, the interorganizational GIS and database activities were rarely the primary justification for it. The new charges with daily database production and maintenance duties were significant to prompt the adjustment of organizational practices and procedures in several agencies. The problem of mismatch between new database tasks and procedures and existing organizational structures, however, persist in four of the five organizations studied.
Organizational change
The sense of upcoming change and the uncertainty brought with it was, in fact, unsettling to many agencies and their personnel. One frequent question considered by the participants in the interorganizational relationships studied was what was likely to happen to them and their current operating resource base with the advent of the more free or open access to a larger pool of geographic data. The attempts in managing expectations were predominantly focused on technology. The real concerns, however, were about the implications of the technological change and joint database activities for subsequent organizational realignment.
Previous research shows that the benefits of data integration cannot be fully realized unless the adoption of technology is accompanied by organizational, institutional, and behavioral changes (Alfelor, 1995) . In interorganizational GIS activities it is apparent that those organizational actors who foresee and correctly anticipate the changes required are more likely to implement successfully their data-sharing arrangements than those who do not foresee such changes.
Benefits versus costs
The discussions of interorganizational GIS and database sharing ultimately focus on the perceived benefits and costs of such interactions. The common view has held that data sharing will enhance organizational efficiency through a reduction in redundant operations, and improve collective decisionmaking as multiple parties are better able to communicate through shared data. Various organizational groups, however, experience different needs (accuracy, updating frequency) and therefore perceive different benefits from data sharing (Sperling, 1995) . In our research we uncovered some of the tangible benefits that were derived from a willingness to share GIS and databases.
Data consistency, enhanced cooperation, and technology transfer to small jurisdictions were among the benefits from joint GIS activities studied in this research. Transaction cost and coordination difficulties were the major costs. These costs and benefits confirm the current state of the literature on shared GIS developments.
Consistency in formats and map base
The obvious advantage from coordinated GIS and database activities lay in the fact that all parties in the shared arrangements studied used similar software and data formats. Multiple agencies starting to operate from a common base map was the major achievement. Our research confirms the experience of many GIS users who argue that major benefits are reaped when the data are collected only once and used for multiple tasks. Clearly, coordinating and sharing databases improved operational efficiency. Interoperability was an inherent and enabling part of this achievement. The very nature of data interoperability is defined as the ability to access multiple, heterogeneous geoprocessing environments, either local or remote, by means of a single unchanging software interface (Buehler and McKee, 1996) .
Enhanced organizational cooperation
Interorganizational GIS initiatives opened up communication channels and allowed an opportunity for close working relationships among employees at various organizational levels. In one case those intensified interactions were only temporary, but in four other cases they were long-standing. The communications at the highest administrative and decisionmaking level were only occasional, but crucial for interorganizational projects to proceed. In one case, the GIS database initiative helped revive a dialogue between a city and a county top leadership that was dormant for a long time. The information about the GIS-related cooperation appeared in the headlines of the local newspapers. The intensity of communication and frequency of contact were higher among the members down the organizational hierarchy. The joint GIS efforts especially served to strengthen networks among staff across functional departments. Those networks remained vital even when the formal relationships and coordinating structures were dismantled in two cases.
The group interaction helped enhance understanding of the technology. Cooperating users shared ideas and jointly elevated their expertise, as previously asserted by Brown et al (1998) . This research also confirms the previous claims that spatial data sharing leads to new relationships among parties (Calkins and Weatherbe, 1995) . With intensified communications, the groups and individuals involved tend to redefine the nature of previous departmental rivalries, biases, and predispositions. The end result is that organizations moved toward a closer, more collaborative economic relationship. IT and interorganizational systems play an enabling role in making this transition feasible (Clemons and Kenz, 1988; Clemons and Row, 1992; Reich and Huff, 1991) .
GIS diffusion to small jurisdictions Our findings also bear out the argument that collaboration across multiple organizational boundaries had a positive impact on the diffusion of technology to other, uninvolved groups. Once a dynamic of free data flow and open access have been institutionalized, smaller groups that did not attempt to develop geographic data before became (a) aware of software technology, and (b) interested in using it. In the cases studied, there were several examples of small local government organizations that relied on the shared database developments to`jump start' their GIS. Once established, those local systems could contribute new data for their portion of the region to the common areawide database, which was the ultimate goal of two-way interchanges. However, the usefulness of the regional partnership-based products for local users depended on the quality of the database. In one case, the regional nature of the database with relatively low positional accuracy and currency of parcel-level data, coupled with fees charged for database use, turned off several localities and led them to pursue their own basically parallel developments. Open and free access to the database was, on the other hand, very encouraging for several local users.
Transaction costs of data sharing Transaction costs are``the costs of managing the interaction while keeping the opportunistic behavior under control so that ongoing operation between the units can be sustained'' (Kumar and van Dissel, 1996, page 291) . Interorganizational GIS and database activities carried with them the need for active commitment to the arrangement from all involved parties. Our findings suggest that in many cases member organizations were differentially positioned toward the joint arrangement and the transaction costs associated with its upkeep. Agreeing on interorganizational GISrelated objectives, managing, and achieving them required investments of all organizational resources. The coordination in all cases took time, patience, tolerance, and energy that could have been in a short run more efficiently utilized at the organizational level. Initially the belief that such an endeavor was worth it, and later the tangible demonstrations of the progress, kept the joint projects going.
Based on our and previous research findings, there is no question that interorganizational GIS activities demand extra resources and in some cases are a resource drain. Unless there is a clear scope statement regarding the goals of the system and tight project management, there is a strong tendency for schedule slippage, interdepartmental squabbling, and disagreement over resource commitments to complete the project. Brown et al (1998) underscore the circumscribed coordination, scale diseconomies, delays, and problematic outcomes of multiparticipant implementation efforts. According to them, with an average implementation time of three to five years before performance becomes routine, GIS partnerships must be more than spontaneous and ephemeral. Tight control and guidance of the implementation process is crucial for avoiding or minimizing the transaction costs.
Meeting the agreements Among the major difficulties cited by the interviewees were the problems of meeting agreements on equipment specifications, data standards, implementation time, and financial obligations. In the cases studied, as well as in previous research, these difficulties frequently resulted in stalemates and deadlocks (Brown and Brudney, 1993; Brown et al, 1998) . The most common reason for the unmet agreements was the lack of staff or financial resources to back the previously accepted responsibilities and procedures. Differences in needs also led to misunderstood importance of particular requirements and standards.
Overall, interorganizational GIS and database activities were not easy to accomplish and had their costs. The overwhelming sense, however, derived from the analysis of cases, was that such efforts were worth the investment and that the balance was on the side of benefits.
Summary and future research
Clearly,`data sharing is easier to advocate than to practice' (Azad and Wiggins, 1995) . The promotion of geographic data sharing through the NSDI is a timely call which promises substantial savings, better decisions, and other benefits from intensified organizational interaction. This research identified the issues which are critical in allowing local, state, and federal governments to enjoy the efficiencies that have long been projected to come from interorganizational development and sharing of geographic information. To date, unfortunately, these benefits have come to fruition only on a small scale, among the agencies that took the extra step and were open to interact with other organizations. Modeling the variables involved in the interorganizational GIS-related process should enable GIS managers to reduce the time, inefficiencies, and duplication in developing their own redundant geographic information and to make use of the readily accessible avenues for sharing such information. Better understanding of these processes would also allow GIS vendors to be more responsive to the various GIS communities in the design, development, and marketing of GIS improvements.
A multiple case study was conducted to explore the nature of GIS-related interorganizational activities. Coordination and implementation issues were identified as determinants of the joint GIS and database activities. Among the coordination issues, organizational and individual attitude, handling of new responsibilities, and perception of equity and fairness in the relationship, were crucial for achieving multiparticipant GIS and database objectives. Commitment, negotiations, teamwork, and persistence were the keys to success. Consideration of all organizational sensitivities was also important. For example, ensuring the sense of ownership, decisionmaking and implementation authority, equal access, and rewards for contributing to the common cause helped keep the studied relationships going. This research is in agreement with Evans's (1997) findings that teamwork, flexibility in system development, and willingness to incorporate institutional learning are necessary conditions for a multiparticipant GIS to achieve its objectives.
The evolution of technology was clearly reflected in the interorganizational GIS setups. The emergence of interoperable and open systems (Bishr, 1998; Laurini, 1998) , distributed data processing (Abel et al, 1988) , and the use of the World Wide Web for data distribution and viewing (Heikkila, 1998) , have all led to decentralization of systems and databases. Contrasting the claims about the advantages of distributed processing, Jain et al (1998, page 1) conclude from their study of data resource management (DRM) that``high centralization of IS decisions, high concentration of IS resources at the central site, and low DRM-related autonomy granted to local sites'' will secure system success. The authors forward a notion of`gestalt fit' as necessary for achieving effective interorganizational interaction. High data dependence between organizations is conductive to the fit to occur. This fit, however, is unlikely to happen if organizational change does not accompany the technological interorganizational solutions. In the cases included in this research, however, only a minor organizational restructuring and learning was detected. The introduction of GIS technology and sharing of databases across organizational boundaries has to upset existing environments, rules, and procedures. Change is inevitable for realizing the interorganizational GIS developments and data sharing.
Managing change requires attention to many implementation issues identified in the cases studied, such as: top management and administrative support for GIS and database development; secured long-term funding for the GIS and database projects; well-defined and focused project scope; timing of training, equipment, and system installation; the need to manage the users and their expectations about the degree, timing, and quality of data available; the importance of cross-organization communication to resolve disputes and misunderstandings; the need to demonstrate clear progress in order to allay political pressures; the necessity of managing personalities and private agendas; and existence of an identifiable champion or initiative leader. In his case studies of enterprise GIS solutions, Azad (1998) found management as the most important success factor. Well-managed projects were more likely to overcome the many difficulties associated with multiparticipant implementation processes. While those difficulties were admitted across the cases studied, the advantages and benefits of establishing interorganizational systems and databases were also readily recognized. The common base map was consistently mentioned as the most valuable product derived from coordinated GIS efforts.
Case-study research comes with its strengths and weaknesses. Its obvious strength lies in the richness of the data collected. The ability to examine comprehensively each interorganizational GIS and database sharing case, interview multiple key informants to establish, test, and embrace or discard hypotheses, and methodically examine all relevant data, gives case-study methodology a unique vantage point for studying phenomena as part of their rich interorganizational context. On the other hand, it is important to note that case-study methodology carries with it some important limitations. For example, our research looked at a small subset of organizations undertaking geographic information-sharing initiatives and with exploratory intentions. In the absence of a coherent theory or model to test in a GIS context, this research resorted to initial recognition of relevant factors and issues. Further, the obvious concern over case-study research suggests that individual cases by their very nature may be subject to excessive bias related to the unique characteristics of each case. In other words it is important to distinguish that which is truly generalizable from a collection of individual cases (Onsrud et al, 1992) .
Although the above arguments do have merit it was encouraging to find in the present study that our research results showed validity across the spectrum of cases studied. Rather than being idiosyncratic to one or two of the cases we examined, most of the findings showed strong generalizability across geographic region, nature of the sharing relationship, and time frame of the initiative. As a result, the findings presented above were strongly indicative of all data-sharing relationships studied. The lessons derived include the importance of understanding the dichotomy in data-sharing processes between those activities aimed at clear and thorough coordination and those activities that can further the successful implementation of interorganizational datasharing initiatives.
Future research should continue to build on the work reported here. It is necessary to conduct larger scale survey research in order to validate the findings of this study. For example, large-scale research and quantitative analysis could attempt to develop more accurate content models of data sharing, examining a wide range of potential independent variables to determine empirically which factors can influence interorganizational data sharing and their relative power or impact on the process. Likewise, such research could employ a wider net in sampling the full range of data-sharing initiatives to determine if there are distinguishing characteristics that are likely to influence successful data sharing in different environments. For example, are the factors influencing data sharing at the local or state level similar or markedly different from those found within departments at the federal government level? It is possible to answer questions such as these only through a more comprehensive data collection process. Finally, one of the acknowledged benefits of large-scale survey research is that it can serve as a complement to case-study work through triangulating the`richer' findings from case study with the external validity possible through large sample research (Kaplan and Duchon, 1988) .
Research to date on project management, information systems, and computing in government has failed to address comprehensively the GIS field. No research work to date has applied theories of information sharing adequately to model its process relative to interorganizational data sharing. In this study we sought to address the nature of data-sharing relationships, arguing that although technical issues are important and necessary to resolve (for example, nature of the information, types of geographic data to be collected, hardware and software questions to be answered and coordinated) it is ultimately the behavioral and organizational issues that determine the fundamental success or failure of interorganizational data sharing (Masser and Campbell, 1995) . Our research has offered a first important glimpse into the coordination processes and factors that can either favor or influence negatively the acceptance and willingness to develop multiparticipant GIS and shared databases.
